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Abstract : Power Quality problems have received a great attention nowadays because of their bad economical
impacts on both utilities and customers. This paper presents the influence of Unified Power Quality Conditioner
(UPQC) on power quality issues. The UPQC is relatively a new number of the custom power device family. It is
a custom power device with integrated shunt and series active filters. The UPQC makes use of two IGBT based
voltage source bidirectional converters with a common dc bus. The performance of UPQC is examined by
considering three phase unbalances in source as well as load current. The simulation results are investigated
using MATLAB simulation.
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l. INTRODUCTION

The quality power supply is essential for proper operation of industrial processes which contain critical
and sensitive loads. The numbers of loads which are very sensitive to PQ problems have increased in the
modern power system and at the same time the number of PQ polluting factors has also escalated. The increased
penetration of distributed generation sources in to the power system has further contributed to existing PQ
complexities. These distributed generation sites are often fuelled by renewable energy sources such as wind and
solar. The random nature of these energy sources poses a reliability threat to the power system.

There are two approaches to the mitigation of power quality problems. The first approach is called load
conditioning, which ensures that the equipment is made less sensitive to power disturbances, allowing the
operation even under significant voltage distortion. The other solution is to install line-conditioning systems that
suppress or counteract the power system disturbances. The simplest method of harmonic filtering is with passive
filters. They use reactive storage components namely capacitors and inductors. Among the more commonly
used passive filters are the shunt-tuned LC filters and the shunt low-pass LC filters. They have some advantages
such as simplicity, reliability, efficiency and cost. However, their performance is limited to a few harmonics and
they can introduce resonance in the power system. These drawbacks are overcome with the use of active power
filters. A Unified Power Quality Conditioner (UPQC) is an integration of shunt active power filter and series
active power filter. The cost of the device is higher than that of other custom power devices, because of twin
converter structure and control complexity. Distribution Generation such as wind generation field is the place
where UPQC can find its potential application.

1. CUSTOM POWER TECHNOLOGY

As the power quality problems are originated from utility and customer side, the solutions should come
from both and are named as utility based solutions and customer based solutions respectively. The best
examples for those two types of solutions are FACTS devices (Flexible AC Transmission Systems) and Custom
power devices. FACTS devices are those controlled by the utility, whereas the Custom power devices are
operated, maintained and controlled by the customer itself and installed at the customer premises. Both the
FACTS devices and Custom power devices are based on solid state power electronic components. As the new
technologies emerged, the manufacturing cost and the reliability of those solid state devices are improved; hence
the protection devices which incorporate such solid state devices can be purchased at a reasonable price with
better performance than the other electrical or pneumatic devices available in the market. Some of these Custom
Power Devices are: Series-connected compensator like DVR (Dynamic Voltage Restorer), Shunt-connected
compensator like DSTATCOM (Distribution STATic COMpensator), Series and shunt compensator like UPQC
(Unified Power Quality Conditioner) and SSTS (Solid State Transfer Switch). Among these, the UPQC is an
effective custom power solution which consists of two back to back connected IGBT based voltage sourced
bidirectional converters with a common DC bus.
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1. UNIFIED POWER QUALITY CONDITIONER

Unified Power Quality Conditioner (UPQC) is an integration of shunt active power filter and series
active power filter. The basic circuit of UPQC is shown in Fig.1. The series portion compensates for supply
voltage harmonics and voltage unbalances, acts as a harmonic blocking filter and damps power system
oscillations. The shunt portion compensates load current harmonics, reactive power and load current unbalances.
In addition, it regulates the DC link capacitor voltage. The power supplied or absorbed by the shunt portion is
the power required by the series compensator and the power required to cover losses. A Unified Power Quality
Conditioner that operates in simultaneous voltage and current control modes. UPQC combines the operations of
a Distribution Static Compensator (DSTATCOM) and Dynamic Voltage Restorer (DVR) together. In the
voltage control mode it can make bus voltage at load terminal sinusoidal against any unbalance, harmonic or
flicker in the source voltage or unbalance or harmonic in the load current. In the current control mode, it draws a
balanced sinusoidal current from the utility bus irrespective of unbalance and harmonic in either source voltage
or load current.
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Fig.1 General configuration of UPQC

In present case UPQC with right shunt topology is considered. In right shunt topology, shunt active
power filter will come right side of series active power filter that is near to load so that the currents flowing
through the series transformers will be balanced sinusoidal. UPQC voltage references are calculated based on
Fourier series, extraction of fundamental sequence components using half cycle running (moving) averaging,
current references are calculated using the instantaneous symmetrical component theory. At the PCC of shunt
active power filter, the voltage is load voltage which is balanced sinusoidal after compensating the source
voltages by series active power filter. So we can use the instantaneous symmetrical component theory for
calculating the source reference currents, which will be in phase with the load voltage, so that source will supply
only average active power, remaining part of oscillating active power and total reactive power will be supplied
by the UPQC. A mathematical model for UPQC with right shunt topology considering non-linearity in load is
derived.

AV UPQC IN POWER DISTRIBUTION SYSTEM

A UPQC compensated distribution system is shown in Fig.2. It consists of load that is supplied by a
source through a feeder. The load voltage is denoted by v, and the source voltage by vs, the resistance R and
feeder impedance by L. It is to be noted that this impedance can also be the Thevenin’s impedance looking into
the network from the Point of Common Coupling (PCC). In that event v would be the Thevenin’s voltage.The
voltage at the point of common coupling is denoted by the terminal voltage v;. The idealized UPQC combines
the current source i; and the voltage source vg. The purpose of the series voltage source of the UPQC is to insert
voltage vy such that the load voltage v, is a balanced sinusoid irrespective of unbalance or distortion in the
terminal voltage v;. On the other hand, the purpose of the shunt current source is to inject current i; such that the
source current is is balanced and distortion free irrespective of the shape of the load current i;. The UPQC must
therefore provide a steady voltage to the load terminal and at the same time draw pure sine wave current from
the source irrespective of unbalance or distortion in the system quantities. Furthermore, we stipulate that the
UPQC must be controlled using the local variables only, which in this case are the terminal voltage, load and

source currents.
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Fig.2 UPQC compensated distribution system
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Fig.3 Equivalent circuit of UPQC compensated system

In this section the control design for the system is presented which is shown in Fig.3. The equivalent
circuit of the compensated system is shown in Fig.4. Inductance L¢ in this figure represents additional external
inductance to get smooth filter current. The inductance Ly is the leakage inductance of the series transformer.
The switching losses of an inverter and the copper loss of the connecting transformer are represented by a
resistance R and Ry. The iron losses of the transformer are neglected. The load is a combination of linear RL
load characterized by R, and L, and rectifier load represented by i,. The voltage sources Vg1 and Vy are the
voltage V. across the d.c. storage capacitor multiplied by the switch function of the shunt and series inverters
respectively.

The state-space equation of the circuit then can be written as

X = Ax+ By, + B,u + Bsij, )
V. COMPENSATION STRATEGY
Yo is i
e " 1 - |
f
|

Fig.4 Equivalent circuit of UPQC

Fig. 4 shows an equivalent circuit for the industrial power system installing UPQC on the common bus, where us
is the power supply, uq is the series-APF compensating voltage and u, is the load voltage, i; is the shunt-APF
compensating current and Z represents the non-linear load of the system. Distorted voltages in a 3-phase system
may contain negative phase sequence and harmonic components. The voltage of phase “a” shown in Fig. 3.5 can
be expressed as, in general:

o0
usa (t) = ul pa (t) + ulna (t) + kgz uka (t) (2)

o0
=Ujpsin(ot+6,) +Uy, sin(ot +6,) + 3 Uy, sin(kot + 6, ) 3)
k=2

where Uy, is the fundamental frequency positive sequence component while ui,; is the negative sequence
component. Uy, and Uy, are the positive, negative sequence voltages amplitudes respectively. 9 is the initial
phase of voltage. The last term of the above equation represents the harmonics in the voltage. From Fig.4 , the
source voltage can be expressed as:

Usg +Uga = Ujq (4)

Since the load voltage is to be perfectly sinusoidal and balanced one with fixed amplitude U, the output
voltages of the series-APF should be

(e 0]
Uga = (U _Ulp)Sin(a)t + elp) ~Ujna (t) - kgz Uka (t) 5)

The series-APF can be designed to operate as a controlled voltage source whose output voltage would
be automatically controlled according to the above equation.

www.iosrjournals.org 54 | Page



Design of Unified Power Quality Conditioner (UPQC) for Power Quality Improvement in

To provide load reactive power demand and compensation of the load harmonic and negative sequence
currents, the shunt-APF acts as a controlled current source and its output components should include harmonic,
reactive and negative-sequence components in order to compensate these quantities in the load current. In other
words, if the load current of phase “a” is expressed as

o0
iy = Ilp sin(awt + l//lp) +ig, + EZ Lk (6)
o0
= Iy, sin(wt +86,,)Cos gy, +iyyy + 11, COS(wt +6,,)sing ) + kgz Ik @)

Where ¢1p is the initial phase of current and ¢lp =Vip _Hlp

When the output current of shunt-APF iz, is made equal to the component of the load current which is
given by the following equation:

o0
i = Iy, cos(awt +01p)sm Bp +ign + kgzlalk (8)

The harmonic, reactive and negative-sequence current will not flow into power source. Hence, the
current from the source terminal will be

g =iy —lgy =1y sin(et+6,)cosd 9)

This is a perfect, harmonic-free sinusoid and has the same phase angle as the phase “a” voltage at the
load terminal. The UPQC configured taking right shunt topology into account. A state space model has been
developed. A compensation strategy has been developed. Fourier series method for series reference filter
voltages and instantaneous symmetrical component theory for shunt reference filter currents has been derived.

VI, RESULTS
Simulation results are shown for unbalanced source and unbalanced load. From the waveforms shown
in fig.5 and fig.6, it is observed that source voltages and load currents are unbalanced. The terminal voltages are
obtained after subtracting the voltage drop in the source impedance Z; which are also unbalanced.
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Fig.5 Unbalanced source voltages Fig.6 Unbalanced load currents
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The series injected filter voltages which contain the voltage which is to be compensated and some
ripple voltage which is due to the inverter switching operation is shown in below Fig. 7. The shunt injected filter
currents are shown in Fig. 8.
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Fig.7 Series injected filter voltages Fig.8 Shunt injected filter currents

The load voltages and source currents which are balanced and sinusoidal after compensation are shown
in below Fig. 9 and Fig.10.
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From the above wave forms it is observed that the load voltage and source currents are balanced, sinusoidal
in-phase. So the UPQC is able to compensate the unbalance in source voltage, load current and improves
power factor also. The %THD content in the load voltage and source current after compensation are very
as is shown in Table 1.

%THD content in Phase — a Phase — b Phase — ¢
Load voltages 0.09 0.08 0.09
Source currents 0.84 0.48 0.85

Table 1: %THD content in load voltages and source currents after compensation

VII. CONCLUSION
This paper presents the design of Unified Power Quality Conditioner. The UPQC is configured taking

right shunt topology into account. A state space model has been developed. A compensation strategy has been
developed. Fourier series method for series reference filter voltages and instantaneous symmetrical component
theory for shunt reference filter currents has been derived. Simulation results are shown for unbalanced source

and

unbalanced load .The load voltages and source currents which are balanced and sinusoidal after

compensation. So the UPQC is able to compensate the unbalance in source voltage, load current and improves
the power factor also. The %THD content in the load voltages and source currents after compensation are very

less.
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